Antifungal activities of 20 plant species were tested against Colletotrichum gloeosporioides, the causal agent of mango anthracnose. Culture sensitivity tests of the plant extracts were done using paper disc diffusion inhibition method. Among the twenty plant species extracted with ethyl acetate Ruta chalepensis and Eucalyptus globulus showed the highest activity. Methanol extracts of three plants, namely Datura stramonium, Adhatoda schimperiana and Eucalyptus globulus also showed remarkable activity. The extracts also significantly inhibit conidial germination of the test fungi over the control. Plant species that showed potential in vitro were selected and aqueous extracts of the plants were evaluated on artificially and naturally infected mango fruits. Development of anthracnose on mango fruits was significantly affected on both tests. Results of this study indicate that use of botanical for the control of anthracnose disease in mango is less expensive, safe and could serve as a good alternative to synthetic fungicides.
INTRODUCTION
Mango (Mangifera indica L.) is one of the most popular fruits grown throughout the tropics and subtropics worldwide. Because of the high moisture and the nutrient reserve, mango fruits are highly susceptible to different pathogenic fungi during the period between harvest and consumption (Haggag, 2010) . Anthracnose caused by Colletotrichum gloeosporioides, is recognized as the most postharvest disease limiting mango fruit production (Arauz, 2000) .
Application of synthetic fungicides provides the primary means for controlling postharvest fungal decay of fruits. However, apart from their high costs, the residue poses potential health hazards and environmental contamination (Okinbo and Osuinde, 2003) . Beside this, frequent application of fungicides could lead to the development of resistance in pathogen populations (Kumar et al., 2007) . Therefore, it is important to find a practical, cost effective and non-toxic method to prevent fungal decaying of mango. Use of natural plant extracts provides an opportunity to avoid or minimize chemical preservatives.
Over the past years, efforts have been devoted to search for new antifungal materials from natural sources for food preservation. Several edible botanical extracts have been reported to have antifungal activity (Das et al., 2010) . The preservative nature of some plant extracts has been known for centuries and there has been renewed interest in the antimicrobial properties of extracts from aromatic plants. Aside from being renewable resources, these are more environment-friendly compared to chemical fungicide (Tripathi and Dubey, 2004) . Thus, identification of indigenous plant extracts with antifungal activity against Colletotrichum gloeosporioides would contribute substantially in development of an environmentally friendly control method for mango anthracnose. Hence, the present study was conducted to test the antifungal activity of botanicals for postharvest management of anthracnose disease of mango.
MATERIALS & METHODS

Collection of Plant Materials
Samples of plant materials with potential antifungal activity were collected from different part of Ethiopia on the basis of previous reports on their antifungal activity. The collected plant materials were dried under shade. The dried plant parts were chopped and ground to coarse powder. The powders were stored in sealed plastic bag at room temperature, in the dark until needed.
by Ayalew (2002) . First the plants were extracted with ethyl acetate which was then followed by extraction with methanol. Fifty gram of each of ground plant specimens were extracted with 2 50 ml ethyl acetate by stirring for 2 hours on a magnetic stirrer. The extracts were filtered through folded filter papers into a 500 ml round bottom flask and reduced to dryness on rotary evaporator at 40 °C water bath temperature. The plant residue on the filter papers was recovered into a 500 ml Ermlenmeyer flask by gently scraping with a spatula, 250 ml methanol were added and the flask was placed on a magnetic stirrer for 2 hours. The methanol extract was then likewise filtered through folded filter paper and concentrated to dryness on rotary evaporator at 40 °C. The crude extracts of the plant species were stored in the dark at 4 °C.
Isolation of the Pathogen and Inoculum Preparation
The fungus Col/etotrichum gloeosporioides was isolated from symptomatic mango fruits using potato dextrose agar (PDA). Pure cultures of the isolated pathogen were maintained on PDA slants at 4 °C until needed and serve as a stock culture. lnoculum of C. gloeosporioides was prepared by sub-culturing from the stock culture on malt extract agar (MEA) medium containing antibiotics and incubated at 25 oC with brief exposure to solar radiation to promote sporulation. Conidial suspension of C. gloeosporioides was prepared by washing 10 days old MEA cultures with sterile water. Spores were suspended by scraping the colony surface with sterile loop. The suspension was then transferred in to a sterile test tube and the spore concentration was determined using a hemocytometer.
In vitro Assay for Antifungal Activity
Biological assay
For screening the antifungal activity of crude plant extracts against C. gloeosporioides, the paper disk method was employed (Ayalew, 2002) . Filter paper disks of 6 mm diameter were sterilized by dry heat for 1 hour at 160 °C oven temperature. After that, they were impregnated with the test extracts by applying 10 µl of the extracts solution (having a concentration of 100 µg/µl) using a capillary pipette. Test plates of the pathogen were prepared by transferring the inoculum prepared as described above into autoclaved medium cooled to ca. 50 °C. The culture medium containing spore suspensions of C. gloeosporioides were poured into 14.5 cm diameter Petri plate and allowed to solidify. After the carrier solvent was evaporated from the paper discs, they were placed on the surface of the medium. Paper disc similarly handled but without plant extract served as untreated control and paper disks impregnated with commercial fungicide carbendazim served as a positive control. Inoculated Petri plates were incubated for 5 days and zone of inhibition was measured in mm. The experiment was set up in completely randomized design (CRD) with three replications.
Conidial germination test
Spore suspension of C. gloeosporioides was prepared from 10 days old cultures MEA culture. The concentration of the conidia was determined using a hemocytometer and adjusted to 10 5 conidia/ml.
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Ten µl of each test solution and 90 µl of the conidial suspension were mixed in single-well depression slides (Phongpaichit et al., 2001) . The slides were placed on a glass rod in Petri dish under moistened conditions and incubated at 25°C for 48 hours. Control conidia also received the same amount of the solvent. The experiment was set up in completely randomized design (CRD) with three replications. After incubation, slides were fixed in lacto phenol cotton blue and observed microscopically for spore germination. Conidia were considered to have germinated when the germ tube was equal in length to or more than the conidium.
In vivo Assay for Antifungal Activity
Plant extracts that showed potential antifungal activity from the in vitro screening were further tested at three different concentrations (10%, 25% and 50%) on harvested mango fruits. The three concentrations where obtained by grinding 10, 25 and 50 g sample of the selected plant species in 100 ml of distilled water. Aqueous extracts of the plant species filtered by passing through double layer of cheese cloth were used for the test. Fruit of mango were obtained from two healthy-looking tree (test for artificial inoculation) and two severely infected mango trees (test under natural infection condition) of the same variety at Bisidimo orchard were marked earlier at the beginning of fruit set and were maintained free of chemicals. Undamaged, unripe and physiologically matured fruits were obtained directly from those trees. Fruits of comparable size and color class were used for the experiment.
In vivo test on artificially inoculated mango fruits
Conidial suspension of C. gloeosporioides was prepared by washing 10 days old MEA cultures with sterile water containing 0.01 % Tween 80. Mango fruits were surface sterilized by dipping in 1 % sodium hypochlorite solution for 10 minutes before they were rinsed thoroughly in sterile distilled water and air dried. After the fruits surface dried, fruits were dipped in spore suspension of C. gloeosporioides having a concentration of 10 5 conidia/ml. The fruits were covered by plastic bags and incubated at 25 °C for 15 hours, i.e. until the conidia germinated as reported by Koomen and Jeffries (1993) . After incubation, the plastic covers were removed and mango fruits were dipped in aqueous extracts of selected plant species at the different concentrations. Chemical treatment with carbendazim was used as a standard check and mango fruits which were dipped in distilled water served as untreated control. Five fruits for each treatment were used and the experiment was arranged in completely randomized design (CRD) with three replications.
In vivo test on naturally infected mango fruits
The selected mango fruits were dipped into aqueous extracts of the selected plant species separately at three different concentrations. The extracts were filtered by passing through double layer of cheese cloth. Chemical treatment with carbendazim was used as a standard check treatment and mango fruits dipped in distilled water serve as untreated control. Five fruits per treatment were used for each plant extract solutions. After the respective treatments, fruits were allowed to air dry and put on a plastic plate before incubation at 25 'C. The experiment was set up in completely randomized design (CRD) with three replications.
Data on disease incidence and severity were scored for evaluation of antifungal activity of botanicals under artificial inoculation as well as natural infection conditions at 48 hours interval from the time of symptom appearance to 100% unmarketability of control fruits. Disease incidence was measured as the percentage of mango fruit showing any symptom of anthracnose. Data on disease severity was recorded as percentage of fruit area covered by anthracnose lesions. Disease severity was scored according to Corkidi et al. (2006) . The following scales were used to score disease severity: 1= < 1 %; 2 = 1-5%; 3 = 6-9%; 4 = 10-49% and 5 = 50-100% of the area affected by anthracnose lesion. The scores were changed in to percentage severity index (PSI) for the analysis (Wheeler, 1969) .
Statistical Analysis
Data were subjected to analysis of variance (AN OVA) using SAS V 9.0 software package. Percentage data on conidia germinated and disease incidence were arc sine transformed before analysis. Mean comparisons were made using Least Significant Difference (LSD).
RESULTS & DISCUSSION
Effect of plant extracts on fungal growth
Significant reduction in the growth of C. gloeosporioides was observed with both ethyl acetate and methanol extracts of twenty plants and the extracts showed a highly significant difference (p< 0.001) in their efficacy (Table 1) . Results obtained from the untreated controls indicate that solvents at the concentrations used to deliver extracts had no effect on the growth of C. gloeosporioides. From the 20 plant extracts tested, 50% of the ethyl acetate extract showed considerable inhibition on the growth of the test fungus ranging from 8. 7 mm to 18.3 mm. While among all the tested methanol extracts 65% showed inhibition of fungal growth ranging from 7.3 mm to 18 mm. Within a column, means followed by the same letter are not significantly different at ps 0.001 stressed the importance of plants as a possible source of natural fungicides (Bautista-Banos et al., 2002) . In the present study, extracts from different plant species showed antifungal activity with various level of efficacy. The antifungal activity exhibited by the various plants might be attributed to the presence of either single or synergetic effect of more than one compound (Khan and Nasreen, 2010). The ethyl acetate extract from Ruta chalepensis and Eucalyptus globulus showed remarkably high antifungal activity against the test fungus. This result corresponds with work done by Hernandez-Albiter et al. (2007) and Satish et al. (2007) who reported that extract of Ruta chalepensis and Eucalyptus globulus have antibiotic and antifungal properties and suppress the growth of C. gloeosporioides and other plant pathogenic fungi. Extract from Adhatoda schimperiana, Datura stramonium, Lantana camara, Ocimum basillicum and Rhamnus prinoides also showed good antifungal activity against the test fungus, while extracts from Curcumum domestica and Vernonia amygdalina showed relatively moderate antifungal activity.
It was reviled in this study that methanol extract of Datura stramonium showed remarkably strong antifungal activity against the test fungus. This result corresponds with the finding of Satish et al. (2007) who reported the potent antifungal activity of methanol extract of Datura stramonium against wide range of plant pathogenic fungi. Similarly, extract from Adhatoda schimperiana showed remarkably good anti fungal activity against the test fungus.
Methanol extracts from Eucalyptus globulus, Ruta chalepensis and Lantana camara have also shown considerably strong fungicidal response to the test pathogen. Thymol present in Lantana camara responsible for its antifungal activity (Thapak et al., 2003) . Allium cepa possesses good antifungal activity; this may also be attributed to the presence of sulphur compounds (Sehajpal et al., 2009) . Extract from Zingiber officinale showed considerable antifungal activity. Azadirachta indica gave moderate effect against the pathogen and its antifungal activity may be due to the presence of azadirachtin containing desactylimbin (Sehajpal et al., 2009 ). Extract of Vernonia amygdalina also showed good antifungal activity. Similarly, Ogbebor et al., (2007) indicated that the methanol extract of Vernonia amygdalina has strong antifungal activity against wide range of fungi species. In the present study the biologically active compounds of plant extracts were not identified (Figure 1) .
Effect of plant extracts on conidial germination of C. gloeosporioides
More than, 50 % of the plant species extracted with ethyl acetate, significantly affected percent conidial germination of the test fungus. Similarly, nearly two-third of plants extracted with methanol showed significantly strong inhib ition of conidial germination ove r the untreated control, by reducing the germination to below 50 %. None of the ethyl acetate and methanol plant extracts in the test was able to completely prevent conidial germination of C. gloeosporioides. The rate of C. gloeosporioides conidial germination in untreated checks reached a maximum of 80.3 %. This rate was reduced to below 20% by four plant species extracted with ethyl acetate and six plant species extracted with methanol. The commercial fungicide carbendazim showed the lowest ( 4.2%) conidial germination of the test fungi. Among the 20 plant extracts with ethyl acetate , leaf extract of Ruta chalepensis, Eucalyptus globulus and Datura stramonium were effective as only13.6%, 16.8% and 18.1 % conidia germinated, respectively. The extract of Lantana camara, Ocimum basillicum and Adhatoda schimperiana ranked next. The conidial germination of C. gloeosporioides in the presence of various plant species extracted with methanol ranged from 14.7-74.2% as compared to 79.2 % in the untreated control ( Table 2 ). The leaf extracts of Datura stramonium and Eucalyptus globulus were significantly superior to other plant extracts in reducing the spore germination of the pathogen to 14. 7% and 15. 7% inhibition of spore germination, respectively. Leaf extracts from Ruta chalepensis, Adhatoda schimperiana, Rosmarinus officinalis and bulb extract of Allium cepa, ranked next in their effect on spore germination of the test fungus with no significant variation with the former extracts. Similar, to the present study the antifungal activity of extract from different plant species is well documented (Hernandez-Albiter et al., 2007; Satish et al., 2007) .
In vivo Effect of Botanicals on Mango Anthracnose
Effect of botanicals on anthracnose incidence The percentage incidence of anthracnose disease on mango fruit was significantly reduced by dipping of fruits in extracts of selected plant 4 Va lu es in pare nthesis are arcsi ne tra nsfo nned Means followed by the same let te r are not significantly different species at both tests, and the extracts showed a highly significant variation (P < 0.001) in their efficacy. On artificially inoculated mango fruits, the level of anthracnose incidence reached 100% on the control fruits as well as in those treated with extract from Adhatoda schimperiana. This level was reduced considerably by extracts of the plant species tested. There was also a difference among the treatments in their level of disease supersession at the concentrations tested. The greatest reduction of disease incidence was observed in carbendazim ( 40%). The aqueous extract from Ruta chalepensis reduced the level of infection below 74%. Similarly, extract from Datura stramonium and Eucalyptus globulus, both at 50% concentration, reduced the incidence of anthracnose to 80%. Dipping of mango fruits with aqueous extracts of selected plant species also significantly reduced the incidence of anthracnose development on naturally infected mango fruit as compared to the control fruit, and the extracts showed a highly significant (p < 0.001) difference on their potential to suppress anthracnose disease. The level of anthracnose incidence reached 100% at the onset of the disease on the control fruits while the level was reduced considerably by some of the selected plant extracts (Table 3 ). The greatest reduction of incidence of anthracnose was observed in carbendazim (13.3%). The extract from Ruta chalepensis showed remarkable antifungal activity at 50% concentration by reducing the incidence to 40%.
Similarly, extract from Datura stramonium at 25% and 50%, Eucalyptus globulus at 50% and Vernonia amygdalina at 50% concentration reduced the incidence to below 67%, with no significant difference among them. The extract from Ocimum basillicum also showed moderate antifungal activity at higher concentration by reducing the incidence to 73.3%. Extract of Adhatoda schimperiana and Rosmarinus officinalis were less effective in reducing the level of anthracnose development on mango fruit. Similar to the result in the present study, effectiveness of various plant extracts in reducing the level of disease incidence in comparison to control treatment have been previously reported (Bautista-Banos et al., 2002; Win et al., 2007) .
The presence of antifungal compounds in various plant species is well recognized and considered valuable for plant disease control. Various plant extracts have been evaluated for their antifungal property against different pathogens and showed remarkable reduction of disease development (Tripathi and Dubey, 2004 ) . Anthracnose development on mango fruits was markedly reduced by the aqueous extracts of various plants almost at all concentrations; however, none of the extracts was able to completely inhibit lesion development. On artificially inoculated fruits, higher mean percent severity index was recorded on the untreated control treatment (90 .7%) as compared to fruits dipped in aqueous extract of all plant materials at concentrations of 25% and 50% (Figure 2 ). The greatest reduction was observed in carbendazim ( 44%). The extract from Ruta chalepensis at 50% concentration prominently reduced anthracnose development to 56.0%. The extract from Datura stramonium and Eucalyptus globulus at 50% ranked next (58.7% and 61.3%) with no significant variation from Ruta chalepensis at the concentrations of 25% and 50%. Regarding to those fruit left for natural infection, higher mean percent severity index was recorded on the untreated control (93.3%); while the greatest reduction in severity of anthracnose (26.7% and 36.0%) was observed from dipping of fruits in carbendazim and aqueous extract of Ruta chalepensis at 50% concentration, respectively (Table 4) . Extracts from Datura stramonium at 25% and 50%, Eucalyptus globulus at 50% and 5
Vernonia amygdalina at 25% concentration also showed remarkable antifungal activity against the test fungus by reducing the severity within a range of 41.3 -48.0%. It was reviled in this study that extracts of the different plant species are substantially varied in their anti fungal potentials. These differences are to be expected since plants vary in their chemical constituents, habitats and stages at which they were collected. Extract from Ruta chalepensis showed potent antifungal activity in reducing the level of anthracnose development on mango fruit. The extract from Datura stramonium, Eucalyptus globulus and Vernonia amygdalina also showed good anti fungal activity at their higher concentration. The antifungal effect of Datura stramonium and Eucalyptus globulus against various pathogens is well documented (Satish et al., 2007; Takahashi et al., 2004) . Similarly, it was reported that the aqueous extract of Vernonia amygdalina leaves can inhibit the growth and conidial germination of C. gloeosporioides (Ogbebor et al., 2007) . In the present study, extracts from selected plant species showed potential on reduction of anthracnose development on mango fruit, indicating that biologically active plant derived product could play significant role in crop protection strategies. Exploitation of naturally available chemicals from plants, which retards the reproduction of undesirable microorganisms, would be a more realistic and ecologically sound method for plant protection and will have a prominent role in the development of future commercial pesticides for crop protection strategies, with special reference to the management of plant diseases (Gottlieb et al., 2002) . Generally, the present study indicates that, the exploitation of one or more of these botanical for the control of anthracnose disease in mango is less expensive, safer for the applier and the ecosystem and could serve as a good alternative to synthetic fungicides.
